We describe the development of nonsusceptibility to daptomycin and vancomycin during treatment for methicillin-resistant Staphylococcus aureus (MRSA) bacteremia associated with infective endocarditis and probable septic thrombophlebitis in a uremic patient. MRSA bacteremia persisted during glycopeptide and subsequent daptomycin treatment but cleared after 5 days' treatment with linezolid and fusidic acid.
CASE REPORT
We describe the first reported case in Taiwan of a patient with the loss of daptomycin susceptibility after a prolonged glycopeptide treatment. The primary infections in this patient were left-side infective endocarditis and probable septic thrombophlebitis.
A 66-year-old man was admitted due to fever and extending redness around the double-lumen catheter insertion site over the right inguinal area for 2 days. The patient had hepatitis C virus-related liver cirrhosis (Child-Plugh class C), which was complicated by a previous episode of spontaneous peritonitis, and end-stage renal disease caused by type 1 membranoproliferative glomerulonephritis. He received regular hemodialysis via a right-femur double-lumen catheter. An arteriovenous fistula with a vascular graft was constructed over the left forearm 10 days prior to his admission.
At admission, his body temperature was 38.2°C, his pulse rate was 117/min, and his blood pressure was 155/81 mm Hg. Redness and tenderness over the right inguinal area and swelling of the left arm were noted. Laboratory investigation showed a normal white blood cell count of 9,740 cells/mm 3 , with 90.8% segmentation. A vascular duplex ultrasound performed on admission revealed no fluid accumulation around the arteriovenous fistula graft. Two sets of blood culture performed on admission revealed methicillin-resistant Staphylococcus aureus (MRSA), and vancomycin (1 g every 3 days, intravenously) was given starting on hospital day 3. Fever subsided thereafter. The trough level obtained after the patient was administered 25 mg of vancomycin/kg of body weight, followed by two other doses, was 13.34 g/ml. Vancomycin was switched to teicoplanin (300 mg every 3 days, intravenously) on hospital day 12 due to a suspected drug rash. The vascular graft was removed on hospital day 26 due to suspicion of infection. Culture of blood obtained on hospital days 22, 24, 40, and 43 still revealed MRSA, although the patient remained afebrile throughout this period (Fig. 1) . Transthoracic echocardiography was performed on hospital day 44 to search for the source of persistent bacteremia, and it revealed a 1.4-cm by 1.3-cm oscillating mass over the anterior mitral valve leaflet (Fig. 2) .
Due to poor wound healing after vascular graft removal and the development of left-extremity swelling, chest computed tomography was performed on hospital day 44, and it revealed thrombosis with mild perivascular edema over the left brachiocephalic vein (Fig. 2) . Septic phlebitis was suspected. Daptomycin (6 mg/kg every other day) was given on hospital day 47 due to suspicion of glycopeptide treatment failure after the patient suffered a new spiking fever and persistent bacteremia. However, his fever continued to fluctuate, and a follow-up blood culture on hospital day 58, 14 days after daptomycin was started, remained positive for MRSA. The vancomycin MIC of the isolate from day 50 was 4 g/ml, and the daptomycin MIC was 4 g/ml as determined by the broth microdilution method, with the calcium concentration adjusted to 50 g/ml according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) (2) . Linezolid (600 mg every 12 h, intravenously) was started on hospital day 61. Follow-up blood culture was sterile after 8 days of linezolid treatment. Fusidic acid (500 mg every 8 h, orally) was added on hospital day 69 and was discontinued on day 79 due to the deterioration of hepatic function. Follow-up blood cultures on hospital days 75, 83, and 85 revealed no vancomycin-intermediate Staphylococcus aureus (VISA). However, the patient died of an episode of septic shock with multiorgan failure caused by Candida albicans on hospital day 83. MICs of all 11 isolates were determined simultaneously (i) by the broth microdilution method with Mueller-Hinton broth (BBL, Becton Dickinson, Sparks, MD) and an initial inoculum of 5 ϫ 10 5 CFU/ml according to the CLSI guidelines and (ii) by the Etest (AB Biodisk, Solna, Sweden) according to the manufacturer's instructions (2) . When daptomycin MICs were tested, the medium was Mueller-Hinton broth containing physiological levels of calcium (50 g/ml), as recommended previously (6) . S. aureus ATCC 29213 was used as a quality control strain in each run. S. aureus Mu3 and Mu50 strains were used in comparison with our VISA isolates. MICs were read after the incubation of microtiter plates and Mueller-Hinton agar plates in the Etest for 24 h at 37°C. The MICs for S. aureus ATCC 29213 were within CLSI control ranges (2) .
All of the 11 MRSA isolates were susceptible to tigecycline (MIC, 0.25 g/ml), fusidic acid (MIC, 0.12 g/ml), and linezolid (MIC, 1 g/ml) and resistant to rifampin (MIC, Ͼ32 g/ml) by the broth microdilution method (Table 1) . Ceftobiprole MICs for the 11 isolates were either 2 or 4 g/ml. The Etest MICs of daptomycin (from 1 to 4 g/ml) and tigecycline (from 0.094 to 0.25 g/ml) for the 11 isolates were the same as those generated by the broth microdilution method except for those of vancomycin, which were twofold higher (from 1.5 to 8 g/ml) ( Table 1 ). Pulsotypes of the 11 isolates from the patient generated by pulsed-field gel electrophoresis analysis after the digestion of chromosomal DNA with XbaI were indistinguishable, suggesting that they belonged to a single clone (19) . The means and standard deviations of cell wall thickness as determined by transmission electron microscopy and calculated from 30 cells for three isolates with MICs of both vancomycin and daptomycin of 1 g/ml, 2 g/ml, and 4 g/ml were 22.85 Ϯ 5.13, 25.50 Ϯ 5.58, and 31.68 Ϯ 10.71 nm, respectively (3). The cell wall thicknesses of the isolates were significantly increased with vancomycin and daptomycin MICs of 4 g/ml as determined by Student's t test (P was 0.0001 in a comparison of results for isolates with MICs of 1 g/ml and 4 g/ml, respectively, and P was 0.0069 in a comparison of results for isolates with MICs of 2 g/ml and 4 g/ml, respectively) (3).
Daptomycin is a cyclic lipopeptide antibiotic with rapid bactericidal activity against various gram-positive bacteria, including multidrug-resistant strains such as vancomycin-resistant enterococci, MRSA, VISA, and penicillin-resistant streptococci (7) . Reduced susceptibility to daptomycin was considered rare due to its unique bactericidal activity, which occurs via calciumdependent alternation of cytoplasmic membrane potential (7) . In Taiwan, the first two clinically significant isolates of VISA were reported in 2004, although no obvious dissemination of these clones has been noted since (19) .
The MRSA isolates from this patient showed a gradual elevation of vancomycin MICs during glycopeptide treatment, from 1 g/ml, initially, to 2 g/ml and finally 4 g/ml soon after daptomycin treatment ( Fig. 1; Table 1 ). We did not perform blood sampling before daptomycin use. Thus, it is not known whether the VISA isolates emerged after prolonged glycopeptide treatment or were selected soon after daptomycin exposure. The S. aureus isolates also showed increased MICs of ceftobiprole, another cell wall-inhibiting agent. From the data reported by Bogdanovich et al., two out of the five VISA isolates tested for ceftobiprole revealed higher ceftobiprole MICs; both VISA isolates showed a ceftobiprole MIC of 2 g/ml (1). Although rarely reported, the ceftobiprole MIC might become elevated in some VISA strains. Further studies are needed to clarify this issue.
Reduced susceptibility to daptomycin by VISA has been correlated with vancomycin resistance and may be related to the increased thickness of the cell wall of S. aureus (4, 15) . Electron microscopy results for our isolates also showed that increased cell wall thickness was correlated to decreased MICs of vancomycin and daptomycin, indicating susceptibility. Recently, a reduction in muramic acid O acetylation in the cell walls of non-daptomycin-susceptible VISA isolates has been demonstrated to be another possible mechanism of drug resistance (10) .
Although rare, the emergence of a lack of daptomycin susceptibility during the treatment of high-grade MRSA bacteremia has been reported (8, 9, 11-13, 17) ( Table 2 ). The prolonged use of daptomycin for deep-tissue infection or endovascular infection seems to be common in these cases (Table 1) . It has been demonstrated that the accumulation of mutations over time is correlated with reduced drug susceptibility in laboratory-derived non-daptomycin-susceptible S. aureus cultured in sublethal concentrations of daptomycin (5). Daptomycin may not reach an adequate concentration in deep infected tissue or endovascular vegetations and may thus provide an environment which could promote the development of nonsusceptible S. aureus, especially when prolonged treatment is needed in these patients (18) .
It has been reported that heterogeneous daptomycin susceptibility in S. aureus may be induced after vancomycin usage even without daptomycin exposure (16) . Sequential point mutations in S. aureus that occur during vancomycin treatment may lead to decreased susceptibility to daptomycin despite a lack of exposure to this agent (14) . The increase of the daptomycin MICs in our case might be induced by both the prolonged usage of glycopeptides and the subsequent daptomycin exposure that selected the nonsusceptible isolates from the heterogeneous daptomycin-susceptible isolates.
In conclusion, daptomycin susceptibilities should be determined especially when this agent is being used as a salvage therapy for MRSA and/or VISA bacteremia with a difficultto-eradicate focus.
